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Abstract
The time interval between successive bursts from SGR 1806-20 and the
intensity of these bursts are both consistent with lognormal distributions.
Monte Carlo simulations of lognormal burst models with a range of distri-
bution parameters have been investigated. The main conclusions are that
while most sources like SGR 1806-20 should be detected in a time interval
of 25 years, sources with means about 100 times longer have a probability
of about 5% of being detected in the same interval. A new breed of ex-
periments that operate for long periods are required to search for sources
with mean recurrence intervals much longer than SGR 1806-20.
1 Introduction
The lognormal properties of the soft repeater SGR1806-20 have been previously
reported by Hurley, K.J. et al. (1994). In particular, both the time interval
between repeater events and the luminosity function of the source were fit with
lognormal distributions (see Aitchison and Brown, 1957, for a comprehensive
introduction to lognormal statistics). This analysis used the data-base of 111
events detected by the International Cometary Explorer (ICE) mission, as re-
ported by Laros et al. (1987).
While the present number of events observed from the other two sources
(Norris et al., 1991, Kouveliotou et al., 1993) does not allow any detailed anal-
ysis, the intervals between successive events of SGR 0526-66 (Golenetskiˇı et
al., 1987) is also suggestive of lognormal behaviour. Continued observations by
BATSE of these sources may reveal lognormal properties for one or both of the
remaining two repeaters if either passes into a phase of activity similar to the
behaviour of SGR1806-20 during 1983.
The relationship between the number of active (i.e observable) sources and
the true number of SGRs in the galaxy is one which is the subject of some
debate (see discussions in Kouveliotou et al., 1992, Kouveliotou et al., 1994 and
Hurley, K. et al., 1994). If the time interval between SGR events proves to be
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lognormal then there may be long quiescent periods where the source could be
undetectable, leading to an underestimate of the population.
2 Simulations
In order to investigate the behaviour of sources with much longer mean recur-
rence times we generated Monte Carlo simulations with a variety of distribution
parameters. The Monte Carlo simulations were performed using the random
normal generator with Matlab 4.0 for Windows, which is based on a random
number generator algorithm given by Park and Miller (1988) with the transfor-
mation to the standard normal variate given by Forsythe, Malcolm and Moler
(1977). The normal variates were then transformed to lognormal variates using
the relationship Y = eσX+µ where Y is lognormally distributed (with parame-
ters µ and σ) and (σX + µ) is normally distributed with mean µ and variance
σ.
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Figure 1: Four separate Monte Carlo simulations of SGR1806-20 activity over
a hundred year period, generated from a lognormal distribution of recurrence
intervals with the same parameters µ0 = 9.64 and σ0 = 3.44. The long gaps in
activity of the source are the contributions from the tail of this highly skewed
distribution.
2
The parameters of the lognormal density function which were fit to the dis-
tribution of recurrence intervals for SGR1806-20 were µ0 = 9.64, σ0 = 3.44
(Hurley, K.J. et al., 1994). Initially we generated 100 year long simulations of
SGR1806-20 (Fig. 1) using these parameters, to check the algorithm. The sam-
ples produced were tested for compatibility with a lognormal population using
a χ2 test (Sachs 1986) and were compatible at the 99% confidence level, indi-
cating that the Monte Carlo simulator was functioning correctly. Two further
simulations were then performed to investigate how the source behaviour varied
as µ and σ varied. The results (illustrated in Fig. 2) are discussed below.
3 Discussion
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Figure 2: Percentage of time with one or more events per 25 year interval: (a)
as a function of µ( with σ = 3.0 fixed) and (b) as a function of σ(with µ = 9.5
fixed). Errorbars are 1 standard deviation values on the mean of 20 runs.
Presented in Figure 2 are the probabilities for source activity in a 25 year
period as calculated from the results of the two simulations described above.
Figure 2(a) shows that as the parameter µincreases the chance of one or more
event in 25 years falls from ≈ 80% at µ = 9.5 ≈ µ0 (geometric mean of 0.15
days) to less than 5% at µ = 18 (geometric mean of ∼500 days).
The chance of one or more events in 25 years for a source like SGR1806-
20 (that is with µ ≈ µ0 = 9.64 and σ≈ σ0 = 3.44) as predicted by Figure 2
indicates that the majority of this type of source should be observed in ∼ 25
years. For µ≫µ0 experiments which operate for a long time must be devised
and maintain a continuous search over the whole sky for longer periods than
any spaceborne experiments designed so far. Such experiments could reveal a
larger population of sources with significant gaps of inactivity.
The lognormal distribution arises in statistical processes whose completion
depend on a product of probabilities, arising from a combination of independent
events (Montroll and Shlesinger, 1982). Lognormal statistics have previously
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been used in connection with gamma-ray bursts by McBreen et al. (1994) and
Brock et al. (1994). In the context of this investigation the physical significance
of this statistical behaviour may lie in the connection between SGRs and neutron
stars. In their paper, Hurley, K.J. et al. also presented a similar statistical
analysis of the behaviour of microglitches from the Vela pulsar (Cordes, Downes
and Krause-Polstroff, 1988). The time separation and the intensity of these
small ( | ∆ν/ν |∼ 10−9 ) frequency adjustments were both compatible with
lognormal distributions, and there was no correlation between waiting time and
intensity: just as observed with SGR1806-20 (Laros et al., 1987). This result,
combined with the identification of X-ray point sources (Murakami et al., 1994,
Rothschild et al., 1994) embedded in plerion-powered SNR (Kulkarni et al.,
1993) as counterparts to the SGR sources, suggests structural adjustments in
neutron stars may be the cause of SGRs.
4 Conclusion
Previously it was shown that the time intervals between successive events from
SGR1806-20 and the associated luminosity function were both lognormally dis-
tributed. Structural adjustments in neutron stars may be responsible for this
behaviour. The activity of sources with longer mean recurrence times was inves-
tigated using Monte Carlo simulations. The results of the simulations indicate
that there could exist a significant population of SGRs with means longer than
SGR1806-20 that remain undetected. A new breed of experiments with very
long observation times will be required to search for this type of source.
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